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A COF4pILATION OF CURRENT COMPUTER PROGRAMS 

FOR LOW-THRUST TRAJECTORY ANALYSIS 

By Alfred C .  Mascy 

NASA Headquarters 
Moffett  F i e ld ,  Calif .  

SUMMARY 

This paper provides a catalogue of b r i e f  desc r ip t ions  of cur ren t  low- 
t h r u s t  t r a j e c t o r y  and mass computation programs. 
contacted,  and ques t ionnai res  were s e n t  t o  those who indica ted  t h a t  they pos- 
sessed such codes. A t o t a l  of 59 desc r ip t ions  of computer programs p e r t i n e n t  
t o  t h i s  d i s c i p l i n e  a r e  compiled. 
rendezvous t r a j e c t o r i e s  with t h e i r  assoc ia ted  mass computation. 
t he  codes a r e  those capable of v a r i a b l e  t h r u s t  t r a j e c t o r y  as w e l l  as constant  
t h r u s t  with coas t  t r a j e c t o r y  ca l cu la t ions .  
any computer code o r  i n  any way compare programs; r a t h e r ,  t h e  desc r ip t ions  of 
e x i s t i n g  codes are presented.  Further  d e t a i l s  concerning a p a r t i c u l a r  pro- 
gram may be obtained from t h e  organizat ion shown on each desc r ip t ion .  Many 
programs are well documented, and a l l  organizat ions are encouraged t o  use the  
se rv ices  provided by t h e  reg iona l  disseminat ion cen te r ,  COSMIC, located a t  
t h e  Universi ty  of Georgia and sponsored by t h e  NASA Off ice  o f  Technology 
U t i l i z a t i o n .  

A l l  known sources  were 

They are capable of generat ing f lyby  and 
Included i n  

No attempt i s  made t o  eva lua te  

INTRODUCTION 

There i s  inc reas ing  i n t e r e s t  i n  t h e  app l i ca t ion  of advanced propuls ion 
systems, such as e l e c t r i c  rocke ts ,  t o  advanced missions having high v e l o c i t y  
requirements. Bet te r  u t i l i z a t i o n  of e x i s t i n g  computer programs, o r  t h e  devel-  
opment of new codes supplemented by experience with e x i s t i n g  programs, i s  
needed t o  def ine  these  requirements.  This survey i n d i c a t e s  t h a t  numerous 
low-thrust  computer programs now e x i s t ,  but  many a r e  not  reported i n  the  
l i t e r a t u r e .  The major i ty  of t hese  programs a r e  worthwhile and can be of  
g rea t e r  use i f  they a r e  made known t o  t h e  community of low-thrust  a n a l y s t s .  

Thus, t h e  purpose of  t h i s  paper is  t o  provide a catalogue of b r i e f  
desc r ip t ions  of cur ren t  low-thrust  t r a j e c t o r y  computer programs. This paper 
does not attempt t o  eva lua te  any computer code o r  t o  compare one program with 
another .  The desc r ip t ions  of  computer codes pe r t inen t  t o  low-thrust  mission 
ana lys i s  serve only t o  introduce t h e  r e spec t ive  programs i n  order  t o  advance 
research i n  t h i s  a r e a  by t h e  exchange of  ideas ,  t r a j e c t o r y  concepts,  and 
mathematical methods already appl ied.  

Gra t i tude  i s  expressed t o  a l l  organizat ions p a r t i c i p a t i n g  i n  t h i s  survey; 
they gave f r e e l y  of t h e i r  time and information t o  enhance t h e  scope of  t h i s  
work.  



SYMBOLS 

i n i  ti a1 acce 1 erat i on aO 

ISP s p e c i f i c  impulse of t h r u s t e r  

T 
w 
V, hyperbol ic  excess speed 

thrust- to-weight  r a t i o  - 

01 power-plant s p e c i f i c  mass 

rl e f f i c i ency  of t h r u s t e r s  

V L  payload mass f r a c t i o n  

propel lan t  mass f r a c t i o n  pP 

1.1, power-plant mass f r a c t i o n  

COMPILATION OF PROGRAM DESCRIPTIONS 

A l l  organizat ions t h a t  might possess a low-thrust  computer program 
capab i l i t y  were contacted.  After an i n i t i a l  contact  by telephone, question- 
n a i r e s  (see sample on page 7) were sen t  t o  t h e  ind iv idua ls  who wished t o  par-  
t i c i p a t e  i n  t h e  survey. 
t r ans fe r r ed  t o  an information shee t  t h a t  d id  not include t h e  mul t ip le  choice 
o r  nonapplicable answers. Some quest ionnaires  were only p a r t i a l l y  completed 
but were accompanied by t h e  program documentation, which was t r ans fe r r ed  t o  
t he  information shee t .  
as t h e  programmer would have done it .  
a l l  p a r t i c i p a n t s  f o r  t h e i r  comments, cor rec t ions ,  and updating. The present  
publ ica t ion  reflects a l l  changes. 

The d a t a  on each completed quest ionnaire  were 

I t  i s  hoped t h a t  t h i s  t r a n s f e r  was done as accura te ly  
Copies of t h e  information were sen t  t o  

A t o t a l  of 59 descr ip t ions  of programs pe r t inen t  t o  low-thrust  
t r a j e c t o r y  and mass computation a re  compiled (pp. 8-66). I t  i s  bel ieved t h a t  
these  represent  most of t he  codes i n  t h i s  d i s c i p l i n e .  
represent  approximately 52 d i f f e r e n t  programs; 

These descr ip t ions  
have been modified and a r e  

ibed as s l i g h t l y  d i f  rs. Rather than s 
h a t  may have bee needs, a l l  1 
ons submitted have been ded i n  t h i s  compilation. 
ere not  d i r e c t l y  appl icable  t o  low-thrust  t r a j e c t o r y  ana lys i s  and 

ed i n  t h i s  survey. 

There are about twice as many two-dimensional codes as t h e r e  a r e  

SYS grams use a Cart system. Y 

e- 
dim codes u t i l i z e  a r coordin 

two t o  account f o r  more than t h e  usual  two bo i n  

2 



e l l  as t h e  h e l i o c e n t r i c  phase. 

a1 users  who t e r e s t e d  i n  f u r t h e r  informatio 

inc lus ion  i n  t h e  l i b r a r y  of ava i l ab le  programs. COSMIC i s  one of  t h e  newest 
reg iona l  disseminat ion cen te r s  located a t  t h e  Universi ty  of Georgia and spon- 
sored by t h e  NASA Off ice  of  Technology U t i l i z a t i o n .  In  general ,  i t s  purpose 
i s  t o  acquire  and disseminate  information and software (card decks, t apes ,  
e t c . )  on t echn ica l  and s c i e n t i f i c  computer programs or ig ina ted  during NASA 
work. Once a program is accepted by COSMIC, t h e  authoring organizat ion no 
longer needs t o  prepare and t ransmi t  i t s  program t o  p o t e n t i a l  u se r s .  
zat ions a r e  encouraged t o  use  t h e  dissemination se rv ice .  

Organi- 
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13 
14 

15 

16 

17 

18 

19 

20 
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2 2  

23 

24 

25  

26 

27 

28  

Company/Organization 

Sample Questionnaire 

Aeroj e t  General , Space 

AFIT-SEE, Wright-Patterson 

Analytical  Mechanics Associ- 

Analytical  Mechanics Associ- 

AVCO 

General Plant  

AFB 

a t  es 

a tes  

Bell Telephone Laboratories 

Boeing/Space Division 

Boe i n  g/ Sp ace D i v  i s  i on 

Colorado S t a t e  University 

Computer Applications,  Inc.  

Connecticut University,  Aero- 
space Engineering Dept. 

General Dynamics/Convair 

General Dynamics/Fort Worth 

General Dynamics/Fort Worth 

General Dynamics/Fort Worth 

General Dynamics Fort/Worth 

General Electr ic  Company 

General Electric - M&SD 

Goddard Space F l i g h t  Center, 

Goddard Space F l i g h t  Center,  

Grumman A i r c r a f t  

NASA 

NASA 

Name of Program 

ORPERT 

Low-Thrust Solar  Probe 

2 -Body Tra j e c t  ory Opt i m i  zat i on 
Program 

Second Variat ion Rocket Trajec- 
t o r y  Optimization Program 

#1546 - Generalized Variat ion 
o f P a r  ame t e r  s Program 

DEPAK; MULTI 

Vari ab 1 e Thrust Po 1 ynomi a 1 
Optimizer 

Program (AS 2080) 
Space Trajectory Optimization 

C h a r a c t e r i s t i c  Length Method 

PDER, PDERDP (double p rec i s ion  

Convair Low-Thrust Optimization 

Y28 Optimum Low-Thrust Procedure 

Low-Thrust Trajectory Optimization 

In t e rp l ane ta ry  Low -Acce lerat  ion 
Constant-Thrust Trajectory 
Patching Program 

Low-Thrust Propulsion System 
Optimization Program 

POLAR 

F i n i t e  Burn Orbi t  I n s e r t i o n  

Variable Power, Variable 

Low-Thrust Trajectory Subprogram 

version)  

Programs 

Program 

Thrust Option/F369 

Low - Thrus t I n t  e rp  1 ane t ary  
Trajectory Optimization 
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30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

Company/Organization 

Hayes In te rna t iona l  COT. 

Hayes I n t e r n a t i o n a l  Gorp. 
Hughes Aircraft Company 

I B M  Federal Systems Division 

I I T  Research I n s t i t u t e  

I I T  Research I n s t i t u t e  

JPL 

J P  L 

J P L  

Langley Research 

Langley Research Center, 

L e w i s  Research Center, NASA 

Lewis Research Center, NASA 

Lockheed Missi les  and Space 
Company, Research Labora- 
t o r i e s  

Company, Research Labora- 
t o r i e s  

Company 

Lab oratory 

NASA 

NASA 

Lockheed Missiles 6 Space 

Lockheed Missiles 6 Space 

Los Alamos S c i e n t i f i c  

McDonnell Douglas 
Astronautics 

McDonnell Douglas 
Astronautics 

McDonnell Douglas 
Astronautics 

McDonnell Douglas 
Astronautics 

Name of Program 

Orbi ta l  Elements f o r  Low-Thrust 

Quasi-Steady Orbi ta l  Rendezvous 

Low-Thrus t Trajectory 

OPGUI DE 

LTNAV-1 (Low-Thrust Navigation 

LTNAV-2 (Low-Thrust Planetocentr ic  

Optimum Thrust Programs f o r  Power 

Tra jec tor ies  

Analysis) 

Navigation Analysis) 

Limited Propulsion Systems 
(1016000) 

ASTRAL 

MALTS 

PRESTO (DELTA) 

TOMSD (Traj ectory Optimization 

Lewis N-Body Code 

MAXIM 

Low-Thrust Hel iocent r ic  

by Method of Steepest  Descent) 

Transfers 

Low-Thrust Escape From Planet  

LTCgMP 

1965 Version, Produced by Dept. 
of Aerospace and Mechanical 
Sciences,  Princeton University,  
Report No. 7170-1 

FYNDIF 

LOW TOP 

WHAMO 

HITOP 
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54 
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57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

Division, NASA 

Division, NASA 
OART, Mission Analysis 

Princeton University,  ASMAR 

Princeton University,  ASMAR 

Princeton University,  ASMAR 

Princeton University,  ASMAR 

Rand Corporation 

RCA/Astro Electronics  

System Sciences Corp. (sub- 

Division 

s i d i a r y  of Computer 
Science Corp .) 

Texas University 

TRW Sys tems 

United Aircraft Research 
Laboratories 

United A i r c r a f t  Research 

United Aircraft Research 

Laboratories 

Laboratories 

United Aircraft Research 

United Aircraft Research 

Laboratories 

Laboratories 

QUICKLY 

Lion 1 

Campbell 1 (modified item) 

Gordon 2 

PRIMER 

ROCKET 

Gordon 2 

High-Precision, Low-Thrust 
In tegra t ion  and Optimization 
Program 

NMS 

MALTS, Mission Analysis Fr 
Simulation Program 

Mass Ratio Optimization (sim- 
p l i f i e d  and improved payload 
f r a c t i o n  de f in i t i on )  F487 

Optimization/F211 

p l i f i e d  payload f r ac t ion )  F530 

Option/F369 

Coast /F 6 1 5 

High and Low Thrust Mass 

Mass Rat io  Optimization (sim- 

Variable Pmer, Variable Thrust  

Constant-Thrust, Multiple- 
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LOW-THRUST TRAJECTORY AND MASS COMPUTATION PROGRAN 

Company Organization : 

Name of Program 

Authors/Contact 

Program Funded by : i . e . ,  company, NASA cont rac t ,  . . . 
Descript ion 

(Please c i r c l e  o r  add appropriate  comment .) 

Number of Dimensions : i . e . ,  1, 2 ,  3 

Number of Bodies : i . e . ,  2 ,  3, . . . 
Coordinate System : i . e . ,  Cartesian,  po la r ,  . . . 
In tegra t ion  Technique : i . e . ,  va r i ab le  s t e p ,  f ixed  s t e p ,  . . . 
Program Language : i . e . ,  Fortran I V Y  11, . . . 
Computer Now Used : i . e . ,  I B M  7094, CDC 6600, Univac 1108, . . . 
Trajectory Options : i . e . ,  f lyby,  rendezvous, round t r i p ,  . . . 
Speci f ic  Impulse : i . e . ,  va r i ab le ,  constant ,  . . . 
Power Options : i . e . ,  constant ,  funct ion of time, funct ion of 

d is tance ,  . . . 
Other Options . . . .  
Input (b r i e f ly )  : i . e . ,  pos i t i on  and veloci ty , ’  J u l i a n  da t e s ,  hyper- 

b o l i c  excess ve loc i ty ,  ISP, powerplant s p e c i f i c  

mass, a ,  . . . 
I n i t i a l  Guesses Required: i . e . ,  Lagrange m u l t i p l i e r s ,  T/W, . . . 
Parameters Optimized : i . e . ,  ISP, T/Wo, uW, V,, power l eue l ,  /a2 d t ,  

coast  time, t h r u s t  angle,  . . . 
Optimization Technique : i . e . ,  gradient  method, Newton-Raphson, . . . 
Output (b r i e f ly )  : i . e . ,  time h i s t o r y ,  ISP, T/W, payload, /a2 d t , .  . . 
P 1 ane t o cent ri c Phas e : not  included i n  program, h igh- thrus t  capture  and 

departure ,  low-thrust s p i r a l l i n g ,  . . . 
Limitations of Program : i . e . ,  t r a v e l  angle,  T/local g, . . . 
Other Applications of Program 
Documentation o f  Program 
Avai lab i l i ty  t o  Othe; Users 
Other Comments 
Please Mail Completed Form t o :  Alfred C .  Mascy 

NASA Mission Analysis Division, OART 
Mail Stop 202-8 
Moffett  f i e l d ,  Cal i forn ia  94035 
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Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Input ( b r i e f l y )  

Output ( b r i e f l y )  

Limitations of Program 

Other Applications 

Documentation 

Avai l ab  i li t y  

Other Comments 

: Aerojet General, Space General P l an t ,  

E l  Monte, C a l i f o r n i a  

: ORPERT 

: Dr. Leonard Pode/Wayne F .  Brady 

: Company 

Description 

: 3  

: Up t o  5 s a t e l l i t e s  and Earth,  Sun and Moon 

cu r ren t ly  

: Cartesian 

: Fixed s t e p  

: Fortran I V  

: I B M  360/40 

: 

: Constant 

: Posi t ion and v e l o c i t y ,  J u l i a n  d a t e s ,  time t o  

Currently w r i t t e n  f o r  Earth o r b i t  

s t a r t  E s t o p  t h r u s t ,  d i r e c t i o n  of t h r u s t  WRT 

VEL vec to r ,  magnitude of t h r u s t ,  weight flow 

rate 

: Time h i s t o r y  

: Eccen t r i c i ty  # 0 

: W i l l  handle up t o  5 s a t e l l i t e s  i n  Earth o r b i t ;  

includes pe r tu rba t ions  due t o  atmosphere , 
Earth harmonics, Moon E Sun 

: A r epor t  i s  i n  rough d r a f t .  

: 

: J P L  ephemeris t a p e  used. Conversion t o  another 

Program not  completed due t o  funding. 

g r a v i t a t i o n a l  cen te r  would no t  be d i f f i c u l t .  

Program o r i g i n a l l y  w r i t t e n  t o  s imulate  

deployment and separat ion h i s t o r y  of s eve ra l  

s a t e l l i t e s  i n  o r b i t .  

8 



Company/Organization : AFIT-SEE, W-Patterson AFB, Ohio 45433 

Name o f  Program : Low-Thrust So la r  Probe 

Authors/Contact : Major Roger W .  Johnson/Capt. H .  T .  Brock 

Number of Dimensions 

Number o f  Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

Planetocentr ic  Phase 

Limitations of Program 

Other Applications 

D ocumen t a t  i on 

Avai 1 ab i 1 i t y  

D e s c r i p t i o n  

: 2  

: 2  

: Polar  

: Variable s t e p  

: Fortran I V  

: I B M  7094 

: Flyby 

: Constant 

: Pos i t ion  and v e l o c i t y  

: T/W 

: Sa2 d t  

: Newton-Raphson 

: Time h i s t o r y  

: Not included i n  program 

: Travel angle 

: Available approximately June 1968 

: Thesis form 

: Yes ( l i s t i n g )  

9 



Company/Organization 

Name of Program 

Authors /Cont act 

Program Funded by 

: Analyt ical  Mechanics Associates,  

: 2-Body Trajectory Optimization P r  

: J .  H. Campbell 

: Sub-contract from Princeton 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Traj ect ory Opt ions 

Spec i f i c  Impulse 

Power Options 

Input (b r i e f ly )  

Description 

: 3  

: N  

: Cartesian 

: In  mass r a t i o  

: Fortran I V  

: IBM 360 

: Flyby, rendezvous 

: Constant 

: Constant, funct ion of  d i s tance  

: Posi t ion  and ve loc i ty ,  J u l i a n  da t e s ,  hyperbolic 

excess ve loc i ty ,  ISP, powerplant s p e c i f i c  

mass, alpha, launch vehic le ,  s i z i n g  

parameters, e tc .  

I n i t i a l  Guesses Required : Lagrange mul t ip l i e r s ,  T/W, and any unspecif ied 

i n i t i a l  condi t ions 

Parameters Optimized : ISP, T/Wo, V,, coast  time, t h r u s t  angle ,  to, tf 

Optimization Technique : Employs i n d i r e c t  method coupled with gradient  

method f o r  so lu t ion  of boundary value 

problem 

Plane tocent r ic  Phase : High- t h r u s t  departure  

Document a t i o n  : In  progress 

Avai 1 abi  li t y  : Available at Princeton U .  and GSFC 

10 



Company/Organization : Analyt ical  Mechanics Associates ,  Inc.  

Name  of  Program : Second Var ia t ion  Rocket Tra jec tory  

Optimization Program 

Authors/Contact : Dr. Henry J .  Kelley, Westbury, N .  Y .  Off ice  

Program Funded by : Various NASA MSC con t rac t s  

Descr ipt ion 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required : 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Limitations of Program 

Document at i on 

Avai 1 ab i 1 i t y 

Reference 

3 

2 

Cartes  i an 

Fixed s t e p  Runge-Kutta 

Fortran I V  

IBM 360 

Rendezvous and o r b i t  t r a n s f e r  opt ions 

Cons t an  t 

Constant o r  s o l a r  

I n i t i a l  and terminal condi t ions 

F i r s t  guess on s t e e r i n g  h i s t o r y  

S teer ing  h i s t o r i e s  and switch times 

Second v a r i a t i o n  

Time h i s t o r y  o f  con t ro l ,  s tate and m u l t i p l i e r s  

Not included 

Program i s  pr imar i ly  h i g h t - t h r u s t ,  bu t  should 

hqndle low-thrust  h e l i o c e n t r i c  we l l .  

Present ly  undocumented 

Has been used exc lus ive ly  in-house 

"A Tra jec tory  Optimization Technique Based Upon 

t h e  Theory o f  t h e  Second Variat ion,"  

H .  J .  Kelly,  R .  E .  Kopp and H .  6 .  Moyer, 

AIAA NO. 63-415, AUg. 19, 1963. 

11 



Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

Number of  Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

T r a  j e c t  ory Opt ions 

Spec i f i c  Impulse 

Power Options 

Other Options 

: AVCO 

: #1546 - Generalized Variat ion of  Parameters 

Program 

: F .  H .  Scammell, M .  Curley/D. P .  F ie lds  

: Company 

Description 

: 3  

: N-Bodies ( a l l  p l ane t s ,  p lus  Sun and Moon) 

: Cartesian 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required : 

Parameters Optimized 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Other Applications 

Documentation 

Ava i l ab i l i t y  

Other Comments 

Variable s t e p  (Adams 4th order  p red ic to r -  

co r rec t  o r )  

Fortran I V  

IBM 360/75, 360/65 

Central  body determination and switchover,  

f lyby,  round t r i p  

Constant 

Cons tan t 

Choice o f  per turba t ions  including atmospheric 

r e t a rda t ion ,  per turb ing  p l ane t s ,  time-varying 

t h r u s t  o r i e n t a t i o n  

Thrust l e v e l  G o r i e n t a t i o n ,  pe r tu rba t ion  

con t ro l s ,  p o s i t i o n  and v e l o c i t y ,  ISP, a 

2-body i n i t i a l  condi t ions 

Not designed a s  opt imizat ion program 

Variable format 

High-thrust  capture  and departure ,  low-thrust  

s p i r a l l i n g  

Guidance ana lys i s  

AVCO Know-How Document ( i n t e r n a l  documentation) 

Available f o r  use on any funded study 

A 2-body vers ion (1546D) i s  ava i l ab le .  

1 2  



a t i  

Name of Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Spec i f i c  Impulse 

Power Options 

Input (b r i e f ly )  

Output (b r i e f ly )  

Document a t i  on 

Ava i l ab i l i t y  

Other Comments 

o r  a t  o r i  es 

: Company 

Description 

3 

3 

Cartes i an 

Variable s t e p  

Fortran I V  

IBM 7094, GE 635 

Variab l e ,  constant 

Constant, funct ion of time, funct ion of 

d i  s t an  ce 

Pos i t ion  and ve loc i ty ,  J u l i a n  da tes ,  ISP 

Time h i s  to ry  

In t e rna l  memoranda 

Written request  addressed t o  Bel l  Labs required 

The program is  e s s e n t i a l l y  a general  purpose 

numerical i n t eg ra t ion  package with va r i ab le  

s t e p s i z e  and operat ing i n  e i t h e r  s i n g l e  [ S  

d i g i t s )  o r  double (16 d i g i t s )  p rec is ion .  
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Company/Organization : The Boeing Co./Space Division - 

Control 

Name of Program : Variable Thrust  Polynomial Optimizer 

Authors/Contact : For res t e r  Johnson/Daril Hahn 

Program Funded by : Company 

Number of  Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Fhase 

Avai 1 ab i 1 i t y  

Other Comments 

Des c r i p t i on 

3 

2 

Cart e s i an 

Does not i n t e g r a t e  

Fortran I V  

Univac 1108 

Flyby, rendezvous 

Var i ab 1 e 

Constant 

Pos i t ion  and v e l o c i t y ,  J u l i a n  da t e s ,  hyperbol ic  

excess ve loc i ty ,  Isp 

S e l f  generat ing 

/a2 d t  

Newt on - Raph s on 

Time h i s t o r y ,  a2 d t  

Not included i n  program 

Decided on an ind iv idua l  b a s i s  

Uses an approximate, bu t  rap id ,  method 

14 



Company / O r  gani z a t  i on  

Name of Program 

Authors/Contact 

Program Funded by 

Numb e r  of D imens i ons 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required : 

Parameters Optimized 

Opt i m i  z a t  i on Te chnique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Other Applications 

Document at ion 

Avai lab i 1 i t y  

: The Boeing Company/Space Div., Guidance and 

Control Organization 

: 

: D .  W .  Hahn, Berdein F .  I t zen  

: Company 

Space Tra jec tory  Optimization Program (AS 2080) 

Descr ipt ion 

3 

2 

Polar  

Fixed s t e p  

Fortran I V  

Univac 1108 

Flyby, rendezvous 

Cons tan  t 

Constant,  funct ion of  d i s t ance  

P lane tocent r ic  h igh- thrus t  departure  t o  an 

input  e 3 

Posi t ion  and ve loc i ty ,  I sp ,  V, 

Control schedule 

Coast t imes,  t h r u s t  angle,  f i n a l  mass 

Gradient method 

Time h i s t o r y ,  payload 

High-thrust  capture  and departure;  

low-thrust  s p i r a l l i n g  

General o r b i t  t r a n s f e r  maneuvers , any 

t h r u s t  l e v e l  

Documented except f o r  recent  r ev i s ions  

Considered on an ind iv idua l  bas i s  
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Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f ic  Impulse 

Power Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required : 

Parameters Optimized 

Output (b r i e f ly )  

Planetocentr ic  Phase 

Limitations of Program 

Document a t  ion 

Avai 1 ab i 1 i t y 

Other Comments 

Reference 

Colorado S t a t e  University 

Charac t e r i s t i c  Length Method 

Professor W .  R .  Mickelsen, Dept. of  

Mech. Eng. 

NASA Grant NGR06-002-032 

Description 

Program does not  compute t r a j e c t o r y .  

Fortran I V  

CDC 6400 

Flyby, rendezvous, round t r i p ,  e t c .  

Variable,  constant ,  o the r  

Constant, funct ion of  time, funct ion of  

d i s tance  

Hyperbolic excess speed and t r a n s f e r  time 

from impulsive t h r u s t  t r a j e c t o r i e s ,  launch 

vehic le  payload versus V,, c1 of t o t a l  

e l e c t r i c  propulsion system, I sp ,  T/Wo 

Propulsion time 

I sp ,  T/Wo, V, (by inspect ion of output) 

Approximate values of propulsion time, f i n a l  

mass of e l e c t r i c  s t age ,  f i n a l  payload 

High-thrust  capture  and departure  

Tra jec tory  s i m i l a r i t y  

AIM Paper No. 67-709 

Upon request  

The cha rac t e r i s t i c - l eng th  method i s  based 

on a nonrigorous assumption of  s i m i l a r i t y ~  

between low-thrust and impulsive-thrust  

t r a j e c t o r i e s .  Although t h e  output i s  only 

approximate, it may serve well as a fast 

source f o r  f irst  guess inputs  t o  complex 

programs. 

Zola, Charles L . :  A Method of Approximating 

Propel lant  Requirements of  Low-Thrust 

T ra j ec to r i e s .  NASA TN D-3400, 1966. 
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Company/Organi z a t  ion  

Authors/Contact 

Number of  Dimens ions 

Number of  Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f ic  Impulse 

Power Options 

Other Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required : 

Parameters Opt i m i  zed 

Optimization Technique 

Output (b r i e f ly )  

P lane tocent r ic  Phase 

Other Applications 

Other comments 

2 ,  3 

2, 3 ,  4 
Cartesian,  po lar ,  nondimensional ( i . e . ,  Perkins 

Units) 

Variable and constant 

Fortran I V  

IBM 7090/94, 704, Phi lco 5200 

Flyby, rendezvous, moon t r a n s f e r  

Constant and va r i ab le  

Constant, funct ion o f  time, d is tance  

Coast period as f ( t ,  d ) ,  ' f ( t ) ,  o r  f (d )  

Pos i t ion  and ve loc i ty ,  vehicle/payload 

cons t ra in ts  

T/W 
Isp ,  VOaY power l e v e l ,  T/Wo 

Gradient method 

Time h i s t o r y ,  I sp ,  T/W 

Low t h r u s t  s p i r a l l i n g  

Logis t ics  study of  Moon t r a n s f e r  

4-body problem done f o r  hyperbolic encounter 

study . 
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Company/Organi z a t  ion 

Name of Program 

Authors /Cont a c t  

Program Funded by 

Number of  Dimensions 

Number of Bodies 

Coordinate System 
In teg ra t ion  Technique 

Program Language 

Computer Now Used 

T r a  j e c t  ory Opt ions 

Input ( b r i e f l y )  

Parameters Optimized 

Other Applications 

Avai lab  i li t y  

Other comments 

: Universi ty  of Connecticut,  Aerospace 

Engineering Dept. 

: PDER, PDERDP (double p rec i s ion  vers ion)  

: Prof .  Edward T.  P i t k i n  

: N. Conn., Research Foundation 

Descr ipt ion 

: 3  

: 2  

: Car tes ian  

: N / A  

: Fortran I V  

: I B M  360/65 

: N/A 

: Posi t ion  and ve loc i ty  a t  EPOCH 

: N / A  

: Computes t r a n s i t i o n  matr ix ,  i nve r se  2nd p a r t i a l s ,  

pe r tu rba t ive  de r iva t ives ,  e t c .  

: Single  p rec i s ion  i s  share  deck 3513; double 

p rec i s ion  vers ion  ava i l ab le  from author .  

: Program is  a general  so lu t ion  of  two-body motion 

f o r  a l l  o r b i t  shapes with 1st and 2nd p a r t i a l  

de r iva t ives  p lus  pe r tu rba t ive  de r iva t ives  f o r  

use i n  a v a r i a t i o n  of  parameters i n t e g r a t i o n .  
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Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

I n i t i a l  Guesses Required 

Parameters Optimized 

i n  t r a j  . (only l-IW 
p a r t )  

Opt i m i  za t  ion Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Document at i on 

Avai lab  i 1 i t y  

: General Dynamics/Convair 

: Convair Low-Thrust Optimization Programs 

: D. H.  Higdon, J .  F .  Ingber,  J .  R .  Grace 

: Company 

Descr ipt ion 

2 ,  3 

2 ,  N 
Cartes i an 

Variable s t e p ,  o r  f i xed  s t e p  

Fortran I V  

CDC 6400 

Flyby, rendezvous, f i xed  time, free t i m e  

Variable o r  constant  

Constant 

Complete opt imizat ion from launch t o  capture  

(excluding s p i r a l s )  

Lagrange m u l t i p l i e r s  

I sp ,  T/Wo, UW, V,, power l e v e l ,  coast  time, 

t h r u s t  angle ,  f i n a l  payload weight 

: Newton-Raphson, maximum p r i n c i p l e  

: Time h i s t o r y ,  I sp ,  T/W, payload 

: High-thrust  capture  and departure ,  low-thrust  

s p i r a l l i n g  being developed 

: Limited 

: Propr ie ta ry  
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Company/Organi zat ion 

Name of Program 

Authors/Contact 

Program Funded by 

Number o f  Dimens ions  

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P l ane tocen t r i c  Phase 

Document a t  i on 

Avai 1 ab i  li t y  

Other Comments 

: General Dynamics/Fort Worth Division 

: Y28 Optimum Low-Thrust Procedure 

: JPL/M. Poteet (Fort  Worth Div.) 

: Company 

Description 

: 2 ,  3 

: 2  

: Polar  

: Variable s t e p  

: Fortran I V  

: IBM 7094 

: Flyby, rendezvous 

: Variable,  constant  

: Constant, funct ion of time 

: Posi t ion and v e l o c i t y  

: /a2 d t  

: 

: /a2 d t  

: Not included i n  program 

: 

: Available from J P L  

: J P L  program i s  on production s t a t u s  a t  

N e w t  on - Raph s on 

J P L  Engineer Planning Document #179 

Fort  Worth Division. 
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Company/Organi za t ion  

Name of Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

P r og ram L an g uag e 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Other Comments 

: General Dynamics/Fort Worth Division 

: Low-Thrust Tra jec tory  Optimization 

: D .  H. Kruse 

: Company 

Description 

: 2 ,  3 

: 2  

: Car tes ian ,  po la r  

: Fixed s t e p  

: Fortran I V  

: I B M  36- 

: Rendezvous 

: Constant 

: Constant 

: J u l i a n  da tes ,  ISF, c1 

: Lagrange m u l t i p l i e r s ,  f l i g h t  t i m e  

: 

: Newton-Raphson 

: /a2 d t  

: Not included i n  program 

: 

/a2 d t ,  coast  time, t h r u s t  angle 

Development of program i s  i n  i n i t i a l  phase.  

2 1  



Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

Number of  Dimensions 

Number of  Bodies 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 
Spec i f ic  Impulse 

Power Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Output (b r i e f ly )  

Planetocentr ic  Phase 

Limitations of  Program 

Documentat ion 

Avai 1 ab i 1 i t y  

General Dynamics/Fort Worth Division 

In te rp lane tary  Low-Acceleration Constant- 

Thrust Tra jec tory  Patching Program 

S .  W .  Wilson/M. C .  Poteet  

Company 

Description 

2 

2 

None 

Fortran I V  

IBM 7090 

P lane t  ocent r i c  
Cons tan  t 

Constant 

Pos i t ion ,  e f f e c t i v e  exhaust ve loc i ty ,  Kplanet 9 

i n i t i a l  acce le ra t ion  

I n i t i a l  ( f i n a l )  acce le ra t ion  i n  h e l i o c e n t r i c  

o r b i t  

None 

/a2 d t ,  "e f fec t ive  time t o  escape" (or  capture) ,  

AV, mass r a t i o  

Low-thrust s p i r a l l i n g  

1 0 - ~  t o  loca l  "gll acce le ra t ion  

Customer U t i l i z a t i o n  Ins t ruc t ions ,  Procedure 

V06 (Co. document) 

Proprietary,  ava i l ab le  under Government cont rac t  
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Number of Dimensions 

Nurrber of Bodies 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f ic  Impulse 

Power Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output (b r i e f ly )  

Planetocentr ic  Phase 

Documentation 

Avai 1 ab i li t y  

2 

2 
None 

Fortran I V  

IBM 7090 

One way h e l i o c e n t r i c  

Solved f o r  i n  t h e  program 

Constant 

Powerplant s p e c i f i c  mass a, avg. acce lera t ion  

l a2  d t ,  e f f i c i e n c y  c o e f f i c i e n t s  

None 

’w’ ’Ifinal’  i n i t i a l ’  
Fibonaccian 

a c (exhaust ve loc i ty ) ,  

max ’-p PW’ Pfinal’ a i ,  c ,  11 

Not included i n  program 

Customer U t i l i z a t i o n  Ins t ruc t ions ,  Procedure 

VO9 (Co. document) 

Proprietary;  a v a i l a b l e  under Government 

cont rac t  
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Company/Organization 

Name of  Program 

Authors/Contact 

Program Funded by 

Numbers of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Traj  e c t  ory Opt ions 

Spec i f ic  Impulse 

Power Options 

Other Options 

Input [b r i e f ly )  

Parameters Optimized 

Optimization Technique 

Output (b r i e f ly )  

P 1 an e t o  cen t r i c  Ph as e 

Limitations of Program 

Document a t  i on 

Avai 1 ab i 1 i t y 

Other Comments 

: General Electr ic  Co. - Advanced Nuclear 

Systems Operation MSD 

: POLAR 

: Harold Brown 

: Company 

Description 

2 

2 

Polar  

No in t eg ra t ion  used 

Fortran I V  

IBM 7094 

Flyby, rendezvous 

Variable,  constant 

Constant, funct ion of  time, funct ion of 

d i  s t ance 

See comment. 

Posi t ion and ve loc i ty ,  Isp,  a, V, 

T/Wo, power l eve l ,  coast  time, t h r u s t  angle 

Gradient method 

Time h i s to ry ,  payload, T/W 

Not included i n  program 

See comment. 

Inc omp 1 e t  e 

Not recommended a t  t h i s  time 

Program attempts t o  f ind  a t r a j e c t o r y  which wi l l  

r e s u l t  i n  t h e  spec i f i ed  power p r o f i l e  - 

constant o r  v a r i a b l e .  Results t o  da t e  have 

been unable t o  reduce deviat ions between t h e  

ac tua l  and spec i f ied  power p r o f i l e s  t o  less 

than 10-15%. 
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Company/Organi za t ion  

Name of Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Tra j e c t  ory  Opt i ons 

Speci f i c Impuls e 

Other Options 

Input ( b r i e f l y )  

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Other Applications 

Document a t  i on 

Avai 1 a b i l i t y  

Other Comments 

: 

: F i n i t e  Burn Orbi t  In se r t ion  Program 

: D .  Korenstein 

: Company, NASA Contract 

General E l e c t r i c  - Missile and Space Division 

Descr ipt ion 

3 

2 

Cartesian 

Fixed s t e p  

Fortran I V  

I B M  7094 

Flyby, o r b i t  i n s e r t i o n ,  escape 

Constant 

2-point boundary value problem f o r  o r b i t  

i n s e r t i o n  

Hyperbola, e l l i p s e ,  engine, guidance, planet  

T/W, 

Newton-Raphson 

Gravity l o s s  

High-thrust  capture  and departure ,  low-thrust  

s p i r a l l i n g  

Open-loop low-thrust  t r a j e c t o r i e s  

Not ava i  1 ab 1 e 

Yes 
Program i s  p a r t i a l l y  checked out  ( i n  process) 
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Number of Dimensions 

Number of Bodies 

Coordinate Sys tem 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Opt ions  

Spec i f ic  Impulse 

Power Options 

Input ( b r i e f l y )  

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

2 

Cartesian 

Fixed s t e p  

Fortran I V  

IBM 7094 

Flyby , rende zvous 

Variable 

Constant,  func t ion  of d i s t ance ,  func t ion  of 

t i m e  

J u l i a n  da t e s ,  hyperbol ic  excess ve loc i ty ,  

powerplant s p e c i f i c  mass, i n i t i a l  power 

l a 2  d t  

Newton-Raphson 

Time h i s to ry ,  /a2 d t  

Not included i n  program 
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Company/Organi z a t  ion : Goddard Space F l i g h t  Center,  Mission and 

Trajectory Analysis Division 

Name o f  Program : Low-Thrust Trajectory Sub-Program 

Con t act : Robert T. Groves 

Program Funded by : NASA Contract NAS 5-10029 

Description 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Specif ic  Impulse 

Power Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required : 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y  ) 

Document at ion 

Avai lab  i l i t y  

2 o r  3 

2 

Cart e s i an 

Fixed s t e p  

Fortran I V  

IBM 7094 

Rendezvous 

Variable 

Constant 

Posi t ion and ve loc i ty ,  hyperbolic excess 

v e l o c i t y  

Program uses b a l l i s t i c  t r a j e c t o r y  for  first 

/a2 d t ,  t h r u s t  angle 

Newt on -Rap hs on 

Time h i s t o r y  of t h r u s t  acce le ra t ion  and 

f i t  

pos i t i on ,  /a2 d t  

In progress 

Program s t i l l  under development 

27 



Company/Organi z a t  ion  : Grumman Aircraft, Bethpage, N e w  York 

Name of Program : Low-Thrust In te rp lane tary  Tra jec tory  

Optimization 

Authors /Contact : Hans K.  Hinz and H. Gardner Moyer 

Program Funded by : NASA-MSFC, Contract No. NAS 8-1549 

Descr ipt ion 

Number of Dimensions 

Number of Bodi e s  

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f ic  Impulse 

Other Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required : 

Parameters Optimized 

Opt i m i  z a t  i on Technique 

Output ( b r i e f l y )  

Planet ocent r i c  Phase 

Other Applicat ions 

Document at i on 

Ava i l ab i l i t y  

Other Comments 

3 

2 

Cartesian 

Fixed s t e p  

Fortran I V  

IBM 360/75 

Flyby, rendezvous 

Constant 

Thrust  constant ,  t h r u s t  va r i ab le  bu t  l imi ted  

Pos i t ion  and v e l o c i t y  and o r b i t a l  elements 

of  t a r g e t  p lane t  

Control func t ion l s )  

Thrust  angles  and t h r u s t  magnitude 

Gradient method 

Time h i s t o r y  

Not included i n  program 

See Grumman repor t ,  RE-208, Apri l  1965 

See f i n a l  r epor t  of Contract NAS 8-1549 

Nonproprietary a v a i l a b i l i t y  t o  i n t e r e s t e d  users  

RE-208 d iscusses  GEOCENTRIC MISSIONS AND USE OF 

MORE EFFICIENT GENERALIZED NEWTON-RAPHSON 

METHOD OF OPTIMIZATION. 
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Company /Organ i z a t i on 
N a m e  of  Program 

Authors/Contact 

Program Funded by 

Number of Dimens ions 

Number o f  Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Other Options 

Input ( b r i e f l y )  

: Hayes In t e rna t iona l  Corp. 

: Orb i t a l  Elements f o r  Low Thrust T ra j ec to r i e s  

: Harry Passmore 

: NASA Contract 

I n i t i a l  Guesses Required : 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Documentation 

Other Comments 

Descr ipt ion 

3 

2 

Orb i t a l  element 

Fixed s t e p  

Fortran I V  

1620 i n  p a r t  

Near Earth s p i r a l  

Cons t an  t 

Constant t h r u s t  

Pos i t ion  and v e l o c i t y  

Lagrange m u l t i p l i e r s  

Thrust  angle  

Calculus of  v a r i a t i o n s  

Time h i s t o r y  

Low-thrust s p i r a l l i n g  

NASA Report MTP-AERO-63-12 

Not p re sen t ly  operable 

29 



Company/Organi z a t  ion  

Name of  Program 

Authors/Contact 

Program Funded by 

Number of  Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Other Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P 1  ane t o c e n t r i c  Phase 

Limitations of Program 

Documentat ion 

Avai l a b i  1 i t y  

Other Comments 

Hayes In t e rna t iona l  Gorp. 

Quasi-Steady Orb i t a l  Rendezvous 

Harry Passmore 

NASA Contract 

Descr ipt ion 

2 

Gravi ty  o f  c e n t r a l  body only 

Cartesian 

Fixed s t e p  

Fortran I V  

IBM 360 

Trans fer 

Constant 

Thrust  magnitude constant  

Pos i t ion  and ve loc i ty ,  t a r g e t  pos i t i on  E 
ve l o c i  t y  

None 

Thrust angle  

Maximum p r i n c i p l e  

Time h i s t o r y  

Not included i n  program 

I n i t i a l  longitude between vehic le  E t a r g e t  <90° 

Hayes Engineering Report 1324 

Computer program not  published 

Only used t o  d a t e  f o r  c i r c u l a r  o r b i t  

rendezvous 
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Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input ( b r i e f l y )  

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

3 

N 

Output i n  r ad ius ,  e c l i p t i c  longitude, and 

normal t o  e c l i p t i c  

Variable s t e p  o r  f ixed  s t e p  

Fortran I V  

GE 635 

Flyby; rendezvous; round t r i p  can be simulated 

by inpu t t ing  cases  sequen t i a l ly .  

Constant 

Function of t i m e  and/or funct ion of  d i s tance  

Program converges automatical ly  t o  a t r a j e c -  

t o r y  which satisfies terminal condi t ions;  

opt imizat ion i s  by parameter search .  

I sp  , powerplant s p e c i f i c  mass , t h r u s t  

p r o f i l e ,  spacecraf t  mass, power p r o f i l e ,  

V,, launch da te  

Program converges automatical ly  t o  a trajec- 

t o r y  which satisfies terminal  condi t ions.  

Parameter search 

Time h i s t o r y  

High- ure ,  and departure  

Not complete 

Subject t o  negot ia t ion  
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Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

: IBM Federal Systems Division 

: OPGUIDE 

: G .  W .  Johnson, 1730 Cambridge S t r e e t  

Cambridge, Mass. 

: NASA Contract 

Description 

Number of Dimensions : 3  

Number o f  Bodies : 2  

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Speci f i c Impul s e 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

0 t h  e r  App 1 i cat i ons 

Document a t  ion 

Ava i l ab i l i t y  

Cartesian 

Variable s t e p  

Fortran I V  

I B M  7094 - I B M  System 360 

Rendezvous 

Variable 

Function of time 

Posi t ion and ve loc i ty ,  I sp  

Lagrange m u l t i p l i e r s  

Coast time, t h r u s t  angle 

N e w t  on -Raphson 

Time h i s t o r y  

High t h r u s t  o r b i t a l  t r a n s f e r s  

Preliminary 

Limited 
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Company/Organization 

Name o f  Program 

Authors/Cont act 

Program Funded by 

Number of Dimensions 

Number o f  Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Opt i ons 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

Other Applications 

Document at ion  

: I I T  Research I n s t i t u t e  

; LTNAV-1 (Low-Thrust Navigation Analysis) 

: Alan L.  Fr iedlander  

: NASA Contract 2-22401 and 2-3348 

Descr ipt ion 

: 3  

: 2  

: Car tes ian ,  po la r  

: Variable s t e p ,  f i xed  s t e p  

: Fortran I1 

: I B M  7094 

: Flyby, rendezvous 

: Variable,  constant  

: Constant 

: Posi t ion  and v e l o c i t y  

: Lagrange m u l t i p l i e r s  f o r  converged optimal 

t raj e c t  ory 

: Thrust angle 

: Calculus of v a r i a t i o n s  

: Time h i s t o r y  

: Navigation s t u d i e s  

: NASA CR-457 
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Company/Organi za t ion  

Name of  Program 

Authors /Contact 

Program Funded by 

Number of  Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input ( b r i e f l y )  

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Limitat ions o f  Program 

Documentation 

Ava i l ab i l i t y  

: I I T  Research I n s t i t u t e  

: LTNAV-2 (Low-Thrust P lane tocent r ic  

Navigation Analysis) 

: ALAN L. Fr iedlander  

: NASA Contract 2-2401 and 2-3348 

Descript ion 

3 

3 

Cartes i an 

Variable s t e p ,  f ixed  s t e p  

Fortran I V  

I B M  7094 

Planet  ocent r i c  only 

Constant 

Constant 

Constant acce le ra t ion  

Pos i t ion  and ve loc i ty ,  o r b i t  elements 

Time h i s t o r y  

Program t r e a t s  p l ane tocen t r i c  phase only 

Tangent ia l  t h r u s t  only 

NASA CR 740 

Yes, but  documentation is  n e g l i g i b l e .  
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Company/Organization 

Name of Program 

Program Funded by : NASA Contract 

Descr ipt ion 

Number of Dimensions : 2 ,  3 

Number of Bodies : 2  

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Other Applications 

Document a t  ion 

: Polar  

: Variable s t e p ,  f i xed  s t e p  

: FAP 

: I B M  7094 

: Flyby, rendezvous, s o l a r  probe, out of  

e c l i p t i c ,  maximum energy 

: Variable,  constant  

: Constant, funct ion of d i s t ance  

: Posi t ion  and ve loc i ty ,  J u l i a n  da t e s ,  

hyperbol ic  excess ve loc i ty ,  I sp ,  power- 

p l an t  s p e c i f i c  mass, 01 

: Lagrange m u l t i p l i e r s ,  T/W 

: Isp, T/Wo, !Jw, Val, power l e v e l ,  la2 d t ,  

coas t  time, t h r u s t  angle 

: Newton-Raphson 

: 

: High-thrust  capture  and departure ,  low-thrust  

Time h i s to ry ,  f sp ,  T/W, payload, /a2 d t  

s p i r a l l i n g ;  approximations made t o  he l io -  

c e n t r i c  po r t ion  us ing  "asymptotic ve loc i ty  

bias ."  S p i r a l s  and high t h r u s t  escape can " 

be run sepa ra t e ly .  

: 

: J P L  EPD 179 11/1/63, latest  documentation 

Vehicle path opt imizat ion i n  vacuum 

lacking 

: E a r l i e r  vers ion being used 
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Company/Organi za t ion  

Name of Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Limitat ions of  Program 

I n i t i a l  Guesses Required 

Ava i l ab i l i t y  

: J P L  

: ASTRAL 

: D. Alderson/W. Stavro 

: NASA Contract 

Descr ipt ion 

3 ( l imi ted  3rd dimension) 

2 

Spherical  

Analyt ic  approximation 

Fortran I V  

IBM 7094 

Flyby, rendezvous 

Constant 

Function of d i s t ance  

J u l i a n  da t e s ,  I sp ,  powerplant s p e c i f i c  mass, 

p l ane t  ( t a r g e t  , launch),  powerplant 

e f f i c i ency  

I sp ,  T/W,, U*Y vm, coas t  t ime, t h r u s t  angle 

"Complex" method 

Time h i s t o r y ,  I sp ,  T/W, payload 

High-thrust  capture  and departure  

Travel angle,  T/ local  g, e c c e n t r i c i t y  o f  o r b i t  

None 

Not a t  present  
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Company/Organization : J P L  

Name of Program : MALTS 

Authors/Contact : TRW Systems/J. Driver 
Program Funded by : NASA Contract NAS 7-503 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

Document at i on 

Descr ipt ion 

3 

up t o  10 

Spheric  a 1 

Cowell o r  Adams Moulton 

Fortran I V  

IBM 7094 

Flyby, rendezvous 

Constant 

Function of d i s tance  

Pos i t ion  and ve loc i ty ,  J u l i a n  d a t e s ,  excess 

ve loc i ty ,  I sp ,  powerplant s p e c i f i c  mass, 

t h r u s t o r  e f f i c i ency ,  time o f  f l i g h t  

Lagrange m u l t i p l i e r s ,  o r  o r b i t  p lane  

/a2 d t ,  time, f i n a l  mass, payload 

Calculus of v a r i a t i o n s  

Time h i s t o r y ,  /a2 d t  

User 's  Manual ava i l ab le  
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Company/Organization 

Name of Program 

Number of  Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Other Applications 

Documentation 

Avai 1 ab i 1 i t y  

Other Comments 

3 

2 

Polar  

Fixed s t e p  

Fortran I V  

CDC 6600 

Rendezvous 

Constant 

Constant 

Earth t o  o r b i t  t r a n s f e r ,  Earth t o  Lunar 

t r a n s  fer 

Pos i t ion  and v e l o c i t y  

Control h i s t o r y ,  coas t  angle 

Coast time, t h r u s t  angle 

Gradient method 

Time h i s t o r y  

Not included i n  program 

Earth o r b i t  missions , Lunar missions 

NASA CR-158 

See note  below. 

Program appl icable  for  prel iminary s t u d i e s  

NOTE: The Pres to  Program i s  ava i l ab le  from t h e  COSMIC Computer Center,  

Universi ty  of Georgia, Athens, Georgia, 30601. Their i d e n t i f i c a t i o n  

number f o r  t h e  program i s  LAR-10078. 
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Program Funded by ASA cont rac t  

Des c r i p t  ion  

Number of Dimensions : 3  

Number of Bodies : 1 o r  more 

Coordinate System : Rectangular 

In tegra t ion  Technique : Variable or  f ixed  s t e p  

Program Language : Fortran I V  

Computer Now Used : CDC 6000 

Trajectory Options : Reentry , boos t , rendezvous 

Input (b r i e f  1 y ) : Posi t ion  and ve loc i ty  

I n i t i a l  Guesses Required : Control h i s t o r y  

Parameters Optimized : Angle of attack, bank angle,  i n i t i a l  s t a t e  

Optimization Technique : Gradient method 

Output ( b r i e f l y )  : Time h i s t o r y  

P lane tocent r ic  Phase : Not included i n  program 

Document at ion 

Avai lab i 1 i t y  

Other Comments 

: Technial Report AFFDL-TR-67-108, Vols. I ,  11, I11 

: Upon request  

: This program is  appl icable  t o  a va r i e ty  of  

t r a j e c t o r y  opt imizat ion problems. 
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Company/Organization 

Name o f  Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Other Applications 

Document at ion  

Avai 1 a b i  1 i t y  

Other Comments 

: NASA Lewis Research Center 

: L e w i s  N-Body Code 

: W i l l i a m  C .  S t rack  

: Company 

Descr ipt ion 

2 7  3 

2 7  3, 8 
Car tes ian ,  o r b i t  elements 

Variable s t e p ,  f i xed  s t e p  

Fortran I V  

IBM 7094, CDC 6600, I B M  7044 

Flyby, rendezvous 

Constant 

Constant , funct ion of d i s tance  

Target ing i t e r a t i o n ,  choice of t h r u s t  cont ro l  

Pos i t ion  and ve loc i ty ,  J u l i a n  da t e s ,  I sp ,  a, V,, 

tank and s t r u c t u r e  f r a c t i o n  

Lagrange m u l t i p l i e r s ,  T/W, t h r u s t  angle 

Y, G, e t c .  
I sp ,  T/Wo, V,, power l e v e l ,  coas t  time, 

t h r u s t  angle 

Calculus of v a r i a t i o n s ,  un iva r i a t e  search 

Time h i s t o r y ,  payload 

High-thrust  capture  and depar ture ,  low-thrust  

s p i r a l l i n g  

Booster ascent  paths  

TN D-1730 with supplementary mater ia l  

Yes: 25 copies a l ready  s e n t  ou t .  

Several  vers ions  of  code e x i s t  ( see  

NASA TM X52322). 
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Program Funded by 

ow 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input 

I n i t i a l  Guesses Required 

P arame t ers Opt i m i  zed 

Optimization Technique 

Output 

Documentation of Program 

i l i t y  t o  Other 

Users 

L e w i s  Research Center (in-house) 

2 

2 

Polar  

Runge-Kutta with va r i ab le  s t e p  s i z e  and e r r o r  

contro 1 

Fortran I V  

I B M  7094 

Orbi t  escape, capture ,  o r  t r a n s f e r  

Constant I 

Constant power implied 

Constant t h r u s t  , constant  acce le ra t ion  

Pos i t i on  and ve loc i ty ;  vehic le  design parameters 

SP 

f o r  each s t age  (up t o  5) 

: 

: 

I n i t i a l  pos i t i ons  and one m u l t i p l i e r  ( A g )  

Thrust  s t e e r i n g  and switching program, s t ag ing  

po in t s  and acce le ra t ion  l eve l s  a r e  optimized 

f o r  minimum AV o r  weight 

: Maximum p r i n c i p l e  with conjugate-gradient search 

f o r  t h e  2-point b .v .p . ' s  

: Time h i s t o r y ,  A V f s ,  weights 

: Theory and t y p i c a l  app l i ca t ion  covered i n  TN I 

6, TN D-4534, and TN D-5011. 

s ide red  ind iv idua l ly .  Operating i n s t r u c t i o n s  

are i n  the  form of i n t e r n a l  notes  only.  
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Company/Organization : Research Laboratories;  Lockheed Missi les  

and Space Company 

Name of Program : Low-Thrust Hel iocent r ic  Transfers  

Authors/Contact : H. E. Rauch 

Program Funded by : Company 

Number o f  Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Opt i m i  zed 

Optimization Technique 

Output ( b r i e f l y )  

P 1 ane t o  cent  ri c Ph as e 

Limitations of Program 

Documentation 

Avai 1 ab i 1 i t y 

Description 

: 2 o r 3  

: 

: Cartesian 

: Fixed s t e p  

: Fortran I V  

: Univac 1108 

: Flyby, rendezvous, and round t r i p  with 

Vehicle p lus  up t o  th ree  p lane ts  

va r i ab le  acce lera t ion  only,  rendezvous with 

constant  acce lera t ion  

: Variable,  constant  

: Constant 

: Posi t ion  and ve loc i ty  o f  p l ane t s ,  elapsed 

time 

: Lagrange mul t ip l i e r s  

: /a2 d t ,  coast  t i m e ,  t h r u s t  angle f o r  constant 

acce lera t ion  

: Guessing a d j o i n t  va r i ab le s  

: Time h i s t o r y ,  /a2 d t  

: Not included i n  program 

: Not "production" type program 

: "Low Thrust Swingby Tra jec tor ies , "  by 

H. E .  Rauch, XVIIIth In t e rna t iona l  Astro- 

nau t i ca l  Congress - Belgrade, 1967, Pergamon 

Press ,  Oxford, New York, PWN-Polish S c i e n t i f i c  

Publ ishers  , 1968, pp . 269- 284. 

: Could be made ava i l ab le  
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Company/Organi za t  ion  

Name of Program 

Authors /Cont act 
Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Spec i f i c  Impulse 

Power Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

Planetocentr ic  Phase 

Limitations of Program 

Other Applications 

Document at ion 

Ava i l ab i l i t y  

Research Laboratories,  Lockheed Missiles 
and Space Co. 

Low-Thrust Escape From Planet  

H. E. Rauch 

Company 

Descr ipt ion 

2 

2 

Both, but  pr imar i ly  po la r  

Variable  s t e p  

Fortran I V  

Univac 1108 

Variable,  constant acce lera t ion  

None, t r a j e c t o r y  with constant  acce lera t ion  

i n  ve loc i ty  d i r e c t i o n  

I n i t i a l  pos i t i on  and ve loc i ty ,  f i n a l  des i red  

hyperbol ic  excess ve loc i ty ,  constant  o r  
lfaveragell acce le ra t ion  

Lagrange mul t ip l i e r s  

/a2 d t ,  t h r u s t  angle f o r  constant acce lera t ion  

Guessing ad jo in t  va r i ab le s  

Time h i s t o r y ,  Sa2 d t  

Low-Thrust s p i r a l l i n g  

Not llproduct ion" type program 

Uses asymptotic matching t o  c a l c u l a t e  

he 1 i ocent r i c  "off s e t  s " 
"Optimum Guidance for  a Low Thrust  Interplane-  

t a r y  Vehicle," J. Breakwell and H. Rauch, 

AIAA Journal ,  Vol. 4 ,  No. 4 ,  Apri l  1966 

Could be made ava i l ab le  
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Company/Organization : Lockheed Missiles E Space Co./Advanced 

F l i g h t  Mechanics 

Name of  Program : LTCOMP 

Authors/Contact : M .  A .  Krop, Dept. 55-34, B .  201, Ext. 45869 

Program Funded by : Company 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Limitations of  Program 

Document a t ion  

Avai 1 a b i l i t y  

OtheS Comments 

Description 

2 ,  3 

4 

Planet-center  G al igned along t h e  excess 

ve loc i ty  vec to r s  

None 

Fortran I V  

Univac 1108 

Single- leg in t e rp l ane ta ry  t r a n s f e r  

Variable ,  constant  

Constant 

J u l i a n  da t e s ,  p l ane t  numbers 

Time o f f s e t s  a t  terminal  p lane ts  

/a2 d t  

Analyt ic  approximation 

/a2 d t  

Not included i n  program 

Travel angle 

Method described i n  Chapter 4 of LMSC 

Rept. No. 3-17-64-1, Apr. 30, 1964 

S t i l l  being developed 

LTCgMP r ap id ly  s imulates  t h e  propuls ion 

requirements f o r  a low-thrust  t r a n s f e r .  

Although q u i t e  s impl i f i ed ,  it computes 

optimum Sa2 d t  t o  wi th in  a couple o f  

percent  o f  r igorous ly  optimized va lues .  
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Company/Organization 

Name of  Program 

Program Funded by 

Number of Dimensions 

Number o f  Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P 1 an e t  oc en t r i c Ph as e 

: Los Alamos S c i e n t i f i c  Laboratory, Los Alamos, 

New Mexico 

: 1965 Version, produced by Dept. o f  Aerospace 

and Mechanical Sciences, Princeton Univ., 

Report No. 7170-1 

: AEC 

Description 

: 2  

: 2  

: Polar  

: Variable s t e p  

: Fortran I V  

: IBM 7094, IBM 7030 

: Rendezvous 

: Constant 

: Constant (with coast)  

: Pos i t ion  and ve loc i ty ,  I s p  

: Lagrange m u l t i p l i e r s  

: Coast time, t h r u s t  angle 

: Direct 

: Time h i s t o r y ,  T/W 

: Not included i n  program 
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Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Input (b r i e f ly )  

Parameters Optimized 

Optimization Technique 

Output (b r i e f ly )  

Planetocentr ic  Phase 

Limitations of Program 

McDonnell Douglas Astronautics Company 

FYNDIF 

F.  I .  Mann 

Company 

Description 

2 

2 

Cartes i an 

Second order  f i n i t e  d i f fe rence  procedure 

Fortran I V  

Univac 1108 

Rendezvous, i n t e rcep t  

Pos i t ion  and ve loc i ty ,  hyperbolic excess 

ve loc i ty  

Sa2 d t  

Calculus of  va r i a t ions  and Van Dine's 

Generalized Newton-Raphson 

Time h i s to ry  

Not included i n  program 

Experimental program, p l ane t s  i n  c i r c u l a r  

o r b i t s ,  few options 
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t i o n  : McDonne11 Dou s t ronau t i  

: LOWTOP, H i  r u s t  Traj 

Program 

: J e r r y  L. Horsewood/F. I .  Mann 

Company /Organ i z a 
Name of Program 

Authors/Contact 

Program Funded by : Company 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required : 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

Planet ocent ri c Phase 

Other  App l i c a t  i ons 

Documentat ion  

Ava i l ab i l i t y  

Des c r i p t  i on 

2 

2 

Cartes  i an 

Variable s t e p ,  fourth-order  Runge Kutta 

Fortran I V  

Univac 1108 

Flyby, rendezvous 

Variable ,  constant  

Constant o r  v a r i a b l e  

Pos i t ion  and ve loc i ty ,  J u l i a n  da t e s ,  Vm, Isp,  

t h r u s t ,  power, weight-flow 

Lagrange m u l t i p l i e r s  

/a2 d t ,  coast  t ime, t h r u s t  angle,  f l i g h t  t ime, 

f i n a l  speed 

Newton-Raphson, maximum p r i n c i p l e  

Time h i s t o r y ,  I sp ,  T/W, v e l o c i t y  lo s s  

High-thrust  capture  and departure  

See company documentation on LOWTOP 

F i r s t  d r a f t  complete 

Current ly  not  ava i l ab le  
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Company/Organization 

Name o f  Program 

Authors/Cont act 

Program funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

S p e c i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

Plane t o c e n t r i  c Phas e 

Other Applications 

Do cumentat ion 

Avai 1 ab i li t y  

Other Comments 

: McDonnell Douglas Astronautics Company 

: 

: F. I .  Mann 

: Company 

WHAMO, Weight History and Mission Optimizer 

Des cr iu  t i on 

2 

2 

Cartes i an 

Variable s t e p ,  Fourth-order Runge Kutta 

Fortran I V  

Univac 1108 

Rendezvous, round t r i p ,  mult i - leg missions 

Variable o r  constant 

Variable o r  constant 

J u l i a n  da t e s ,  hyperbol ic  excess ve loc i ty ,  I s p ,  
t h r u s t ,  power, weight flow 

Lagrange m u l t i p l i e r s ,  T/W 

I s p ,  coast  time, t h r u s t  angle, gross weight 

Newton-Raphson 

Time h i s t o r y ,  I s p ,  T/W 

High capture  and departure  with engine 

shutdown G r e s t a r t  

Simulates both high and low t h r u s t  engine 

shutdown and restart with high t h r u s t  

s t ag ing  according t o  t h e  non-integral-burn 

method 

Par t i  a1 

Currently not  ava i l ab le  

Program not extensively used y e t  
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Program Funded by 

Des c r i p t  i on 

Number of  Dimensions 

Number of  Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Tra j ec tory  Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required: 

P a r  ame t ers Opt i m i  zed 

Optimization Technique 

Out put (b ri e f 1 y ) 

Planeto c e n t r i c  Phas e 

Limitations of  Program 

Other Applications 

Documentation 

Avai lab i li t y  

3 

2 

Cart e s i an 

Impulse t r a  j e c t o r i  es a n a l y t i c  so lu t ion  

Fortran I V  

Univac 1108 

Rendezvous 

J u l i a n  dates  

Time and place of  deep space impulse 

E i the r  (Val  + AV2 + Vm3)  o r  

( A V l  + AV2 + AV,) 

Newton-Raphson o r  t r a n s v e r s a l i t y  procedure 

P r i m e r  vector ,  V,, AV, o r b i t  parameters 

High-thrust  capture and departure 

Currently only one deep-space impulse 

Program may be used t o  study t h e  h igh- thrus t  

l i m i t  of low-thrust  t r a j e c t o r i e s .  

None 

Currently not  avai  lab l e  
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Company/Organization : Space Division, North American Rockwell Co 

Name of Program : Optimum Tra jec tory  Program fo r  Pow 

Propulsion Systems 

Authors/Contact : Russel l  P .  Nagorski 

Program Funded by : Company 

Descr ipt ion 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language: 

Computer Now Used 

Tra jec tory  Options 

S p e c i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r i  c Phase 

Limitations of Program 

Other Applications 

Do cumen t a t  i on 

Other Comments 

: 3  

: 4  

: Polar  

: Fixed s t e p  

:I I1 

I B M  7094 

Flyby , rendezvous 

Variab l e ,  constant  

Cons t ant 

Pos i t ion  and ve loc i ty ,  J u l i a n  da tes ,  V,, I sp ,  01 

Lagrange mul t ip l i e r s  , T/W 

/a2 d t ,  coas t  time 

Newton-Raphs on 

Time h i s t o r y ,  I s p ,  T/W, payload, /a2 d t  

Not ' included i n  program 

I n i t i a l  guess , i t e r a t i o n  l o g i c  

General i n t e r c e p t  and rendezvous problems 

User 's  Manual complete 

Derivat ive of J P L  (Melbourne and Sauer) program 
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Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

Parameters Optimized 

Optimization Technique 

Output (b r i e f ly )  

P lane tocent r ic  Phase 

Mission Analysis Divis ion,  OART/NASA 

BABE 

A. C .  Mascy/S. W .  P i t t s  

In-house 

Descr ipt ion 

2 

2 

Polar  

Variable s t e p  and f ixed  s t e p  

Fortran I V  

IBM 7094 

Flyby, rendezvous 

Cons t an  t 

Constant 

J u l i a n  da t e s ,  hyperbolic excess ve loc i ty ,  a 

I sp ,  pW, coas t  time 

Gradient method 

Coast time, I sp ,  payload, vw 
High-thrust  capture  and depar ture ,  low-thrust  

s p i r a l l i n g  

In progress  Document a t  ion 
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Company/Organi za t  ion : Mission Analysis Division, OART/NASA 

Name of Program : QUICKLY 

Authors/Contact : Alfred C.  Mascy 

Program Funded by : In-house 

Number of  Dimensions 

Number of  Bodies 

Coordinate Sys tem 

In t e g r  a t  i on Te chni que 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output (b r i e f ly )  

P lane tocent r ic  Phase 

Other Applications 

Document a t  ion 

Ava i l ab i l i t y  

Description 

Program uses func t iona l  r e l a t ionsh ips  f o r  the  

energy requirements of pre-computed b u i l t - i n  

performance da ta  which were obtained by accu- 

ra te  3-dimensional, 2-body, Cartesian 

coordinate,  Newton-Raphson f in i t e -d i f f e rence  

programs. 

Fortran I V  

I B M  360/50 

Flyby, rendezvous, s o l a r  probe, e x t r a - e c l i p t i c ,  

comet i n t e r c e p t  

Constant 

Constant, funct ion of time o r  dis tance 

Optimum o r  f ixed  power l eve l  o r  alpha as a 

funct ion of power. Also, optimum o r  f ixed  

hyperbol ic  excess v e l o c i t i e s  

Tr ip  time, power p l a n t  s p e c i f i c  mass a ,  launch 

vehicle  name, capture and departure mode 

None 

I sp ,  pw, V w l ,  Vw2,  power l eve l ,  coast  time 

Gradient method and Newton-Raphson 

Payload, I sp ,  pw, V W ~ ,  V W ~ ,  power l eve l ,  powered 

High-thrust  capture and departure ,  low-thrust 

time, a l so ,  p l o t  option 

s p i r a l l i n g ,  launch vehic le  boost 

May be  used t o  determine performance of two- 

impulse b a l l i s t i c  systems f o r  comparisons 

In  progress 

Upon request  
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Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Other Applications 

3 

2 

C a r t  e s i an 

Variable  s t e p  

Fortran I V  

IBM 7094, CDC 6600, IBM 360/50 

Flyby, rendezvous, round t r i p ,  escape* 

Constant 

Constant,  funct ion of time, funct ion of  

d i  s t anc e 

Booster s e l e c t i o n  

Pos i t ion  and ve loc i ty  o r  J u l i a n  da t e s ,  power 

p l a n t  s p e c i f i c  mass, tankage, s t r u c t u r e  

f a c t o r s  

Lagrange mu1 t i p l i e r s  

ISP, T/Wo, lJw, V,, power l eve l ,  coas t  t i m e ,  

Neighboring extrema1 

Time h i s t o r y ,  I sp ,  T/W, payload 

High-thrust  capture  and departure  

I t e r a t o r  can be used t o  so lve  any nonl inear  

t h r u s t  angle* 

- 
(a lgebra ic )  equations.  

Available on request  

*Other opt ions ava i l ab le  depending on input  
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Company/Organi za t ion  

Name o f  Program 

Authors/Contact 

Program Funded by 

Number c f  Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input (b r i e f 1 y ) 

I n i t i a l  Guesses Required : 

Optimization Technique 

P lane tocent r ic  Phase 

Other Applications 

Documentation 

Avai l a b i  li t y  

Other Comments 

ASMAR, Princeton Universi ty  

Campbell 1 (Modified Item) 

J. Campbell/P. M. Lion 

NASA cont rac t  

Descr ipt ion 

3 

9 

Cartes i an 

Variable s t e p  

Fortran I V  

IBM 7094, IBM 360/50 

Flyby, rendezvous 

Constant 

Constant, funct ion of t i m e ,  func t ion  of 

d i s tan  ce 

Programmed t h r u s t  

Pos i t ion  and ve loc i ty  o r  J u l i a n  da tes  

L agran ge mu 1 t i p 1 i e r s  

Neighboring extrema1 

Included i n  program 

Uses general ized i t e r a t o r  

P a r t i a l l y  complete 

D i  f f i cu I t  t o  t r a n s  f e r  

Used mainly as check on 2-body program 
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Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

Numb er of  Dimens i ons 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

OpSimization Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Document a t  ion 

Avai 1 a b i l i t y  

Other Comments 

: ASMAR, Princeton Universi ty  

: Gordon 2 

: C .  N .  Gordon/P. M.  Lion 

: NASA cont rac t  

Descr ipt ion 

: 2  

: 2  

: Polar  

: Fixed s t e p  

: Fortran I V  

: I B M  7094, CDC 6600 (now being adapted),  

I B M  360/50  

: Flyby, rendezvous, round t r i p ,  constrained 

v e l o c i t y  f lyby 

: Constant 

: Constant, funct ion of t i m e ,  func t ion  of  

d i s tance  

: Se lec t  booster  

: Posi t ion  and v e l o c i t y  o r  J u l i a n  da t e s  (can 

input  or optimize: excess ve loc i ty ,  I s p ) ,  

power p l an t  s p e c i f i c  mass, a ,  tankage, 

s t r u c t u r e  f a c t o r s  

: Lagrange m u l t i p l i e r s  

: I sp ,  T/Wo, pw, V,, power l eve l ,  d i r e c t i o n  

of a r r i v a l  ve loc i ty ,  coas t  time, t h r u s t  

angle,  C 3  

: Neighboring extrema1 

: Time h i s to ry ,  I sp ,  T/W, payload, summary 

: High-thrust  capture  and departure  

: In progress  

: Available on request  

: Also being used a t  B a t t e l l e ,  I I T R I ,  MSFC 
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Company/Organization 

Name of Program 

Authors/Contact 

Program Funded by 

Number of  Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Input (b r i e f ly )  

Opt i m i  zat i on Te chnique 

Output (b r i e f ly )  

P lane tocent r ic  Phase 

Document a t  i on 

Ava i l ab i l i t y  

Other Comments 

: ASMAR, Princeton University 

: PRIMER 

: M. Minkoff/P. M. Lion 

: NASA cont rac t  

Description 

3 

2 

Cart e s i an 

Impulsive t r a j e c t o r i e s  ana ly t i c  so lu t ion  

Fortran I V  

I B M  7094 

Flyby, rendezvous 

Pos i t ion  and ve loc i ty  o r  J u l i a n  dates  

Conjugate gradient  

Time h i s to ry ,  J = CiIAVi) 

High-thrust  capture and departure  

In t h e s i s  form 

Available on reques t  

Finds optimum impulsive t r a j e c t o r y  regard less  

-+ 

of  t h e  number of impulses 
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Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input ( b r i e f l y )  

Output ( b r i e f l y )  

P lane tocent r i  c Phase 

Limitations of Program 

Other Applications 

Document at i on 

Ava i l ab i l i t y  

3 

4 

Car tes ian ,  p o l a r  

Variable s t ep ,  f i xed  s t e p ,  Cowell method 

Fortran I V Y  I1 

IBM 7094, CDC 6600, Univac 1108, GE 635 

Flyby, departure  and capture  

Variable ,  constant  

Constant, func t ion  of  time 

Numerous propulsion, aerodynamic, guidance 

opt  ions  

Pos i t i on  and v e l o c i t y  

Time h i s t o r y ,  I sp ,  T/W, oscula t ing  o r b i t  

parameters,  t r ack ing  obs.  

High-thrust  capture  and depar ture ,  low-thrust  

s p i r a l  l i n g  

Cowell method makes ROCKET i n e f f i c i e n t  f o r  

long-duration t r a j e c t o r i e s .  

Boost, r een t ry ,  a i rb rea th ing  propuls ion 

Book: ROCKET, by B. W. Boehm, Prent ice-Hal l ,  

1964 

Through,SHARE Dis t r ibu t ion  Agency, 112 E .  Post  

P l a ins ,  New York ( 

t ape ,  ask f o r  #3001 (Fortran I1 version)  

o r  #3485 (Fortran I V  vers ion) )  
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Company/Organi za t ion  : RCA/Astro Elec t ronics  Division 

Name of Program : Gordon 2 

Authors/Cont act : C .  N. Gordon/J. M. L. Holman 

Program Funded by : Company, NASA con t rac t  

Number of Dimens ions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required : 

Parameters Optimized 

Opt i m i  z a t  i on Technique 

Output ( b r i e f l y )  

P lane tocent r ic  Phase 

Documentation 

Avai 1 ab i 1 i t y 

Descr ipt ion 

2 

2 

Polar  

Fixed s t e p  

Fortran I V  

I B M  7094, I B M  360/50 

Flyby, rendezvous 

Constant 

Constant, funct ion of time, funct ion of 

d i s tance  

Choice of launch vehic le ,  sweep of parameters 

J u l i a n  da tes ,  power p l an t  s p e c i f i c  mass 

Lagrange m u l t i p l i e r s ,  T/W, power, C 3  

I sp ,  T/Wo, V,, power l e v e l ,  coas t  time, 

t h r u s t  angle,  C3 

Neighboring extrema1 

Time h i s t o r y ,  Isp,  T/W, payload 

High-thrust  capture  and departure  

In progress  

Available through ASMAR, Princeton Universi ty  
. .  
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Name of Program Low -Thrus t I n t  

Authors / Cont act : P i t k i n  and Baker/Dr. R. M.  L.  Baker, Jr. 

Program Funded by : Company 

Descr ipt ion 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Traj ect ory Options 

Spec i f ic  Impulse 

Power Options 

Input (b r i e f  1 y) 

I n i t i a l  Guesses Required 

Parameters Optimized 

Opt i m i  zat i on Technique 

Output ( b r i e f l y )  

Planetocent ri c Phase 

Other Applications 

Do cumen t a t  i on 

Avai 1 ab i 1 i t y  

Othe r  Comments 

3 
Any number f o r  which ephemerides a r e  given 

Car tes ian  

Variable s t e p  

I1 

IBM 7094 

Open 

Vari ab 1 e 

Function of time 

Pos i t i on  and ve loc i ty ,  I sp  

Lagrange mul t ip l i e r s  

Power l eve l  

Gradient method 

T i m e  h i s to ry  

Low- thrus  t s p i r a l l i n g  

Can i n t e r f a c e  with o the r  impulsive t h r u s t  

pro grams 

L i s t ing  of b a s i c  program 

Yes 

U t i l i z e s  universa l  va r i ab le  so t h a t  it can 

pass evenly from e l l i p s e s  through parabolas,  

t o  hyperbolas 
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Descript ion 

Number of Dimens ions : 3  

Number of  Bodies : 2  

Coordinate System : Cartesian 

In t eg ra t ion  Technique : Fixed s t e p  

Program Language : Fortran I V  

Computer Now Used : CDC 6600 

Trajectory Options : Rendezvous 

Spec i f i c  Impulse : Constant 

Power Options : Constant 

Input ( b r i e f l y )  : Posi t ion  and ve loc i ty ,  o r  J u l i a n  da t e s  

I n i t i a l  Guesses Required : Lagrange m u l t i p l i e r s  

Parameters Optimized : /a2 d t ,  f l i g h t  time 

Optimization Technique : Per turba t ion  

Output (b r i e f 1 y ) : Time h i s t o r y ,  i n i t i a l  mu l t ip l i e r s  

P 1 an e t  o cent  ri c Phas e : Not inluded i n  program, capture  being 

implemented 

Limitations of Program : Travel  time l i m i t  o f -  1000 days 

Documentat ion  : Limited 

Ava i l ab i l i t y  : L i s t i n g  and/or deck on reques t  

60 



Company/Organization : TRW Systems/Analytic Mechanics Dept. 

Name of Program : MALTS, Mission Analysis G Simulation Program 

Authors/Contact : D .  B. Smith G W. D. Dickerson (R3/T, 3442) 

Program Funded by : NASA cont rac t  

Description 

Number of Dimensions 

Number of  Bodies 

Coordinate System 

In tegra t ion  Technique 

Porgram Language 

Computer Now Used 

Trajectory Options 

Spec i f i c  Impulse 

Power Options 

Other Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required 

Parameters OptimLzed 

Optimization Technique 

Output (b r i e f ly )  

Planetocent r i c  Phase 

3 

N 

Cart e s i an 

Variable s t ep ,  f ixed s t e p  (both) 

Fortran I V  

I B M  7094 

Flyby, rendezvous 

Variable,  constant 

Constant, function o f  time, funct ion of 

d i s tance  

Nonoptimal o r  optimal s t ee r ing ,  computed o r  
t abu la r  t h r u s t ,  o the r s ,  see  r epor t  

Pos i t ion  and ve loc i ty  o r  Ju l i an  da tes ,  V,, 

I sp ,  0, 
Steer ing  angles 

Can optimize any se l ec t ed  parameter 

Newton-Raphson (modified) 

Time h i s to ry ,  I sp ,  T/W, payload 

High-thrust capture  and departure 

Limitations of Program : Optimal phasing log ic  not  included y e t  
Documentat ion : User's Guide (Vol. I 4 11) ,  Inter im Report 

NAS 7-503 

Avai lab  i 1 i t y  : See John Driver,  J P L  

Other Comments : The program is  not  completely ready f o r  

general  use.  
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Company/Organization 

Name of  Program 

Authors/Contact 

Program Funded by 

Number of Dimensions 

Number of  Bodies 

Coordinate Sys t e m  

In t eg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Spec i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Opt i m i  zed 

Optimization Technique 

Output ( b r i e f l y )  

P 1  ane tocent r i  c Phese 

Limitations of  Program 

Documentation 

Avai 1 ab i 1 i t y  

Other Comments 

: R.  Ragsac/Betty Knose 

: Company 

Descr ipt ion 

: 3  

: 2  

: Cartesian 

: Fixed s t e p  

: Fortran V 

: Univac 1108 

: Rendezvous 

: Constant 

: Constant 

: J u l i a n  da t e s ,  V,, a, r l ,  t h r u s t o r  s p e c i f i c  mass 

curve 

: I s p ,  1-11 

: 

: Newton-Raphson 

: I sp ,  /a2 d t ,  VWY l J 1 Y  V L  powered time 

: Not included i n  program 

: Travel angle,  powered time i s  approximate 

: Sample input  and explanat ion 

: Yes 

: Dif fe r s  from F530 i n  c a p a b i l i t y  t o  maximize 

r e a l i s t i c  d e f i n i t i o n  f o r  payload f r ac t ion -  

I sp ,  pw, /a2 d t ,  coas t  time 
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Company /Organ i z a t  i o : United Airc 

Name of Program ass Optimizati 

Authors /Contact 

Program Funded by 

Description 

Number of Dimensions : 2 o r 3  

Number of Bodies : 2  

Coordinate System : See o t h e r  comments 

In tegra t ion  Technique : See o ther  comments 

Program Language : Fortran V 

Computer Now Used : Univac 1108 

Trajectory Options : Flyby, rendezvous, round t r i p  

Spec i f ic  Impulse : Constant 

Input (b r i e f ly )  : a, high and low-thrust propulsion parameters, 

t a b l e  of uL ,  1-1, I sp  vs .  v, 
I n i t i a l  Guesses Required : None 

Parameters Optimized : Mass on Earth parking o r b i t  

Optimization Technique : Search 

Output (b r i e f ly )  : System masses and propulsion parameters 

Planetocentr ic  Phase : Hyperbolic excess speeds (high-thrust  system) 

Document at ion : User's Manual 

Avai lab i 1 i t y  : See NASA, MAD 

Other Comments : Mass optimization only; t r a j e c t o r y  da ta  

a re  input  
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Company/Organization : United Ai rc ra f t  Research Laboratories 

Name of Program : Mass Rat io  Optimization ( s impl i f i ed  payload 

f r a c t i o n )  F530 

Authors/Contact : R .  Ragsac/Betty Knose 

Program Funded by : Company 

Descr ipt ion 

Number of  Dimensions 

Number of  Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

S p e c i f i c  Impulse 

Power Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required : 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

P lane tocent r i  c Phase 

Limitat ions of Program 

Documentation 

Avai 1 ab i 1 i t y 

Other Comments 

3 

2 

Car tes ian  

Fixed s t e p  

Fortran V 

Univac 1108 

Rendezvous 

Cons t an t  

Constant 

J u l i a n  da t e s ,  V,, a ,  

None 

I sp ,  yw, /a2 d t ,  coas t  time 

Newt on- Raphs on 

I sp ,  /a2 d t ,  VwY VL’  1-11 

Not included i n  program 

Travel angle -3r, powered time i s  approximate 

Sample input  and explanat ion 

Yes 

Optimization of I s p  and 1-1, uses accurate  

approximation technique, s i n g l e  coast  

per iod  only 

powered time 
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Company/Organization : United Aircraft Research Laboratories 

Name of Program : Variable Power, Variable Thrust Option/F369 

Authors/Contact : Mrs. E .  Knose, Mr. G .  Thrasher, UARL 

Program Funded by : NASA Contract NAS 8-11309, NAS 2-2928 

Description 

Number of Dimensions 

Number of  Bodies 

Coordinate System 

In tegra t ion  Technique 

Program Language 

Computer Now Used 

Trajectory Options 

Spec i f ic  Impulse 

Power Options 

Input (b r i e f ly )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output (b r i e f ly )  

P lane t o cen t ri c Phas e 

Document at i on 
Ava i l ab i l i t y  

: 3  

: 2  

: Cartesian 

: Fixed s t e p  

: Fortran I V  

: Univac 1108, Fortran V 

: Flyby, rendezvous, s o l a r  probe 

: Variable 

: Constant, funct ion of t i m e ,  funct ion of 

d i  s tan ce 

: Posi t ion  and ve loc i ty ,  J u l i a n  da t e s ,  V,, power 

opt ion input  

: None 

: /a2 d t  

: Newton-Raphson 

: Time h i s to ry ,  /a2 d t  

: Not included i n  program 

: Sample input and explanation 

: Determined by NASA 
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Company/Organization 

Name of  Program 

Authors /Contact 

Program Funded by 

Number of Dimensions 

Number of Bodies 

Coordinate System 

In teg ra t ion  Technique 

Program Language 

Computer Now Used 

Tra jec tory  Options 

Speci f i c I mpu 1s e 

Power Options 

Other Options 

Input ( b r i e f l y )  

I n i t i a l  Guesses Required 

Parameters Optimized 

Optimization Technique 

Output ( b r i e f l y )  

: United Aircraft Research Laboratories 

: Constant-Thrust,  Multiple-Coast/F615 

: C .  P .  Van Dine/Betty Knose 

: NASA Contract NAS 2-2928 

Descr ipt ion 

2 o r  3 

2 

Cartes  i an 

Fixed s t e p  

Fortran V 

Univac 1108 

Flyby, rendezvous 

Constant 

Constant 

Optimize I s p  and 1-1 f i x  u opt  I sp ,  f i x  I sp  
W '  W 

opt  pw, o r  input  I s p  and 1-1 
W 

J u l i a n  da t e s ,  V,, a, e f f i c i ency  parameter 

None 

I sp  uw,  /a2 d t ,  coas t  time 

Newton-Raphson 

Time h i s t o r y ,  I s p ,  payload, /a2 d t ,  powered 

times 

P 1 ane t o c e n t r i  c Phase 

Limitations of Program : Travel angle -3rr 

Documentation : Programmer's Manual, UARL F-910352-13 

Avai 1 ab i li t y  : See NASA, MAD 

Other Comments : Two h e l i o c e n t r i c  coas t  per iods allowed 

: Not included i n  program 

National Aeronautics and Space Administration 
Moffett  F i e ld ,  Cal i f . ,  94035, May 17, 1968 

130-0604-07 
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